Abstract: New, pyrroline nitroxide annulated lactones, polycycles, and maleimide were synthesized by classical and microwave-assisted methodology. We report the application of the metathesis reaction in the presence of nitroxide yielding a pyrroline nitroxide condensed 1,4-benzoquinone as a paramagnetic dienophile. The formation of the isoselenazolone-fused pyrroline ring system was examined and different reactivity was observed with pyrrolin-1-oxyl and pyrroline derivatives.
1
and orthogonal spin labels, 2 spin traps, 3 polymerization inhibitors 4 antioxidants, 5 co-oxidants, 6 and building blocks for functional molecular materials. 7 This tendency is well reflected in the increased number of reviews and monographs over the last few years. [8] [9] [10] [11] Although the chemistry of nitroxides began 50 years ago, only limited numbers of basic scaffolds have been published. Among the various nitroxide structures, pyrroline and piperidine nitroxides are the most popular, as they are readily available from triacetonamine 12 and they are chemically more stable than other nitroxide scaffolds. Moreover, piperidine and pyrroline nitroxides offer an alternative approach to various paramagnetic compounds via multistep synthesis. Because of the free radical moiety, these transformations are sometimes more sophisticated than those used in the synthesis of conventional (no free radical containing) materials. Despite the difficulties, the synthesis of various carbocycles and heterocycles condensed with pyrroline nitroxide have recently been published. [13] [14] [15] In this work we describe further extension of the synthesis of pyrroline nitroxide condensed carbocycles and heterocycles starting from β-bromo-α,β-unsaturated carboxylic acid 1 16 and paramagnetic diene 2 17 ( Figure 1 ), which are the key compounds in the synthesis of aldehydes 8 18 and 12. 17 We have previously published the synthesis of a coumarin-condensed pyrroline nitroxide. 19 Very recently Cai et al. 20 described a new approach to isocoumarins starting from 1,3-diketones and o-halobenzoic acids. Applying this copper(I)-catalyzed reaction, we have converted carboxylic acid 1 into lactone 3 with pentane-2,4-dione in N,N-dimethylformamide in the presence of tripotassium phosphate and copper(I) iodide. This reaction can be carried out by conventional heating to afford compound 3 in 10% yield after 24 hours, however this yield can be improved to 43% by heating in a microwave reactor for 2.5 hours. Unfortunately, further application of compound 3 as a diene failed.
As nitroxides are regarded as non-vitamin-like antioxidants, we have attached the nitroxide ring to antioxidant Ebselen [2-phenyl-1,2-benzoselenazol-3(2H)-one] to modulate its antioxidant properties. 21 In these analogues 22 mostly the N-phenyl ring was substituted with the nitroxide ring. We proposed that another analogue will be accessible by the method of Balkrishna 23 et al. who utilized ohalobenzanilides to achieve new Ebselen analogues.
To study this possibility, we converted carboxylic acid 1 into its N-phenylcarboxamide 4 by treatment of the corresponding carbonyl chloride 12 with aniline in the presence of triethylamine in dichloromethane. Reaction of compound 3 with copper(I) iodide, 1,10-phenanthroline, selenium powder, and potassium carbonate in N,Ndimethylformamide offered biradical 5 instead of isoselenazolone ring formation. This was confirmed by a mass spectral (m/z = 676) and EPR study (quintet line). This experiment suggested that incorporation of selenium was successful; however, because of oxidation of the selenol intermediate by the nitroxide, the diselenide 5 resulted. The same reaction from the diamagnetic derivative 6, obtained by iron powder/acetic acid reduction of 4, β-Ethynyl-α,β-unsaturated carbonyl compounds are versatile intermediates for various heterocyclic ring synthesis.
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We have used aldehyde 8 to achieve the pyrrolo [3,4-c] pyridine skeleton. 18 Here we report that oxidation of aldehyde 8 18 to carboxylic acid 9 with hydrogen peroxide and sodium chlorite in aqueous acetonitrile followed by cyclization with gold(III) chloride in acetonitrile 28 offered lactone 10, a phenyl analogue of compound 3. Compound 8 was also used in an ytterbium(III) triflate catalyzed multicomponent reaction 29 with isatoic anhydride and ethanolamine in 1,2-dichloroethane to give pentacyclic compound 11 (Scheme 2). Similar isoquinolino[2,1-a]quinazolin-6(5H)-ones exhibited TNF-α inhibitory activity in vitro. In this experiment we demonstrated that this synthesis can be extended to tetrahydropyrrolo[3′,4′:3,4]pyrido[1,2-a]quinazolin-5(1H)-ones for the purpose of biological (TNF-α inhibitory) activity. For the synthesis of further pyrroline-annulated heterocycles, the functionalization of dialdehyde 12 17 was obvious. Its oxidation with hydrogen peroxide and sodium chlorite in aqueous acetonitrile gave dicarboxylic acid 13. This was converted into paramagnetic 'maleic anhydride like' compound 14 by heating in acetic anhydride. 13 This compound can be used as acylating spin label agent as its reaction with glycine methyl ester gave the acid amide at ambient temperature in dichloromethane. This was cyclized with acetic anhydride in the presence of anhydrous sodium acetate to offer maleimide derivative 15. Reaction of aldehyde 12 with excess vinylmagnesium bromide in tetrahydrofuran gave diol 16. This was converted into compound 17 by a ring-closing metathesis reaction in toluene in the presence of 5 mol% Grubbs II catalyst. Compound 17 was oxidized to pyrroline nitroxide condensed 1,4-benzoquinone 18 with manganese dioxide in chloroform. Although a naphthoquinonecondensed nitroxide has previously been reported by us, 30 this is the first example of 1,4-benzoquinone-annulated nitroxide, and as far as we know this is the first example of a metathesis 31 conducted in the presence of a nitroxide function, fortunately without loss of activity of the catalyst or devastation of nitroxide free radical moiety. To test the usefulness of compound 18 as a paramagnetic dienophile, freshly distilled cyclopentadiene was added to a solution of 18 in 3.0 M lithium perchlorate in diethyl ether 32 at ambient temperature to give endo-adduct 19 (Scheme 3). 
4-Bromo-2,2,5,5-tetramethyl-N-phenyl-2,5-dihydro-1H-pyrrole-3-carboxamide (6)
To a stirred soln of 4 (1.35 g, 4.0 mmol) in AcOH (10 M), Fe powder (2.24 g, 40.0 mmol) was added and the mixture was stirred at 70°C for 30 min. After cooling H 2 O (50 mL) was added and the soln was decanted into a large, 500-mL beaker. Then the soln was basified (pH 10) by the addition of solid K 2 CO 3 (intense foaming!) and the aqueous soln was extracted with CHCl 3 (2 × 20 mL). The organic phase was dried (MgSO 4 ), filtered, and evaporated. The residue was purified by flash column chromatography (CHCl 3 for 9 and 1.0 mL for 13), NaClO 2 (994 mg, 11.0 mmol for 9 and 1.98 g, 22.0 mmol for 13) dissolved in H 2 O (10 mL) was added dropwise over 30 min at 0 °C. The soln was stirred at r.t. for 1 h, then Na 2 S 2 O 5 (500 mg for 9 and 1.0 g for 13) was added and the soln was cautiously acidified with 1.0 M aq HCl and the soln was extracted with CHCl 3 (2 × 20 mL). The combined organic phases were dried (MgSO 4 ), filtered, and evaporated. The residue was purified by flash column chromatography (CHCl 3 -MeOH, 9:1) to give the carboxylic acids as yellow solids. 4,4,6,6-Tetramethyl-1,3-dioxo-3,4,5,6-tetrahydro-1H-furo[3,4-c]pyrrol-5-oxyl (14) A soln of 13 (456 mg, 2.0 mmol) in Ac 2 O (5 mL) was heated at reflux temperature for 3 h. After cooling, the solvent was evaporated and the residue was purified by flash column chromatography (anhyd Et 2 O) to yield 14 (256 mg, 61%) as a yellow solid; mp 37-39°C
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; R f = 0.54 (hexane-EtOAc, 2:1). 1,1,3,3-Tetramethyl-4,7-dioxo-1,3,4,7-tetrahydro-2H- 
